Fifteen strains of Actznomycetales alleged to produce antibiotics belonging to the aureolic acid group, some of which are useful as antitumor agents, were compared taxonomically with Streptomyces cavourensis subsp. washingtonensis strain AUW-83, a strain which produces chromomycin antibiotics. Of these strains, Streptomyces aburaviensis ATCC 23869, Streptomyces minutiscleroticus ATCC 17757, and S. cavourensis subsp. washingtonensis strain AUW-83 are type strains. None of the strains were regarded as similar enough to strain AUW-83 to be placed in S. cavourensis subsp. washingtonensis. Bristol's Streptomyces sp. C-14795, a chromomycin-producing strain which has not been previously (This manuscript W a s abstracted in Part from fuged at 10, OOO rpm €or 10 min. The supernatants a dissertation submitted to the Graduate School were carefully decanted, and the spectra of these ethof the University of Washington by J. D. Skar-anolic extracts were recorded with a Beckman model strePtomYces cavourensis subspa wmhingto-ISp media 1, 2, 3,4, 5, 6, 7, and 9 were obtained from cavourensis subsp. washingtonensis strain S U P n d e d with a in 10 of ethanol USP, and 54
DB spectrophotometer, with or without prior dilution, from 500 to 300 nm. Characteristic absorptions in this wavelength region (6) were taken as presumptive evidence for the presence of representative polyene metabolites extracted into the ethanol from the spores and aerial mycelia of the study strains.
For the determination of sodium chloride tolerance, the method of Tresner et al. (27) was followed. Yeastmalt extract agar was hydrated in sodium chloride solutions of 4, 7, 10, and 13%? dispensed into screwcapped culture tubes, and autoclaved. One set of tubed media covering the entire range of sodium chloride concentrations and one tube of medium without sodium chloride supplementation were used for each culture. The slanted culture media were inoculated with spores suspended in sterilized water, incubated at 28°C for 10 days, and then observed for the maximal sodium chloride concentration allowing any growth.
To confirm that these strains produced antibiotics belonging to the aureolic acid group, a limited trial inorganic salts-starch agar. The red pigment was not a pH indicator. Diffusible pigments other than brown or black were observed with only four strains. S. griseus no. 7 and Streptomyces sp. KCC S-1081 exhibited a yellow-brown coloration modified by a green pigment on inorganic salts-starch agar. S. tavendulae M5-18903 was observed to secrete a red pigment into inorganic salts-starch agar, and Streptomyces sp. L.A. 7017 was found to have a grayish-green diffusible pigment when grown on glycerol-asparagine agar. In all cases, the diffusible pigments were not sensitive to pH changes.
Observations on the production of melanoid pigments on standard media and on Waksman medium 42 are presented in Table 3 . Approximately 40% of these strains were found to be capable of forming melanoid pigments.
Carbon utilization. The utilization of standard carbon sources for growth by all of the strains is given in terns were found to range from poor growth on nearly all carbon sources except glucose to good growth on all carbon sources.
Spectrophotometric analysis for polyenes. Of the strains studied, only the ethanolic extracts of sporulating cultures of Streptomyces sp. C-1228 efiibited absorption spectra characteristic of a polyene. The wavelength maxima observed at 340,360, 380, and 402 nm are characteristic of a heptaene (6) .
Tolerance to sodium chloride. Results of the sodium chloride tolerance test are presented in Table 5 . Except for the single olivomycin-producing strain in the study, Streptomyces sp. C-1228, all of the last-mentioned strains have been claimed to produce antibiotics of the chromomycin type. Other culture conditions or similarly important variables may be conducive for the production of detectable amounts of these antibiotics. However, it has been previously observed (23) that continuous subculturing of the chromomycinproducing strain AUW-83 resulted in a remarkably reduced capability of this strain to produce significant amounts of the chromomycins. Comparison of thin-layer chromatograms of ethyl acetate extracts of the fermentation broths of the remaining strains with authentic reference samples of mithramycin, chromomycin AS, and olivomycin A indicated that these strains were consistent with the available information concerning their production of these antibiotics.
DISCUSSION
A summary of the types of aureolic acid group antibiotics produced, the primary characters, and the carbon utilization patterns of the strains studied is presented in Table 7 . Two of these strains, S. aburaviensis ATCC 23869 and S. minutiscleroticus ATCC 17757, are type strains and were previously evaluated in the ISP (21, 22). Similarities in taxonomic characters suggest that both Bristol's strain C-14795 and S. aburaviensis ATCC 23869, which produce chromomycins, are different strains of the same species. Sporophore morphology, spore surface, color of sporulating aerial mycelium, and a negative melanin test, features regarded by Gottlieb and Shirling (5) as primary taxonomic characters, are the same for both strains. The carbon utili- 27% but <lo% 27% but <lo% 210% but 4 3 % 24% but (7% <4% ~1 0 % but 4 3 % 27% but 4 0 % 27% but 4 0 % zation patterns are distinctively similar in that cultures of both strains grew poorly on almost all of the carbon sources except glucose. Of the additional taxonomic characters evaluated, the inability of both strains to tolerate 4% sodium chloride is noteworthy. These were the only two strains in the study which were unable to tolerate this low concentration of sodium chloride. The results of a study by Tresner et al. (27) , who proposed the use of tolerance of sodium chloride for the taxonomy of streptomycetes, indicated that about 5% of the 313 species studied could not tolerate 4% sodium chloride.
Another pair of chromomycin-producing strains which may be considered different strains of the same species are S. griseus no. 7 and Streptomyces sp. KCC S-1081. The primary characters of these two strains are the same, and the carbon utilization pattern differ only with respect to arabinose, but members of the "griseus" group are known to be variable in the utilization of this carbon source (14) . The production by these strains of a soluble green pigment in inorganic salts-starch agar is a distinctive characteristic. Streptomyces sp. KCC S-1081 tolerated 10% sodium chloride better than did strain no. 7, but the study by Tresner et al. (27) indicated that nearly as many species of the yellow color series could tolerate 10% sodium chloride as could tolerate 7%, and therefore this difference may not be important. A deoxyribonucleic acid-deoxyribonucleic acid homology test would be useful in assessing the subspecific relationship of these two strains. S. argiZ2aceus was not effectively published and hence has no standing in bacteriological nomenclature. The remaining strains can be differentiated from the other strains in the study and from each other with regard to primary characters, carbon utilization patterns, and additional features, and therefore are probably members of different species.
S. cavourensis subsp. washingtonensis strain AUW-83 is a member of the griseus series, but it differs from strains no. 7 and KCC S-1081 regarding soluble pigment production in inorganic salts-starch agar, melanin production, and the utilization of rhamnose for growth. Strains no. 7 and KCC S-1081, but not strain AUW-83, were observed to form a soluble green pigment in inorganic salts-starch agar. Strain AUW-83 was capable of forming melanin pigments in several tyrosine-containing media; strains no. 7 and KCC S-1081 were not observed to form melanoid pigments in these media. Strains no. 7 and KCC S-1081 were able to utilize rhamnose for growth, but strain AUW-83 was not.
There have been several reports in the literature claiming the discovery of additional strains producing antibiotics belonging to the aureolic acid group; however, these strains were not available for this study, and the taxonomic information to be found in the literature on these strains was sometimes very sketchy. A list of additional strains reported to produce antibiotics of the aureolic acid group and available taxonomic information on these strains, together with pertinent references, is presented in Table  8 . S. cavourensis subsp. washingtonensis strain AUW-83 appears to be quite distinct not only from the strains included in this study but also . . . .
"The experimental data reported for some of these antibiotics do not allow for their absolute placement within a structural type (aureolic acid, chromomycin, or olivomycin type) of the aureolic acid group; the antibiotics produced by strains C-2449 and INA 7193 may possibly be of the aureolic acid type, and by strain 24-10, of the chromomycin type.
Abbreviations: SM, spore-chain morphology (S, Spirales; RF, Rectiflexibiles; V, Verticzllati); SS, spore characteristics (Sm, smooth; Wa, warty); CM, aerial mass color (Gy, gray; Y, yellow); MR, melanoid pigmentation (-, negative; +, positive).
Mithramycin is structurally identical to aureolic acid. from those listed in Table 8 . The identification at the species level and the taxonomic relationships of these strains will have to await studies involving their direct comparison with type and/or neotype strains of closely related nomenspecies.
